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1"' PERSONIC WIND TT'NNEL FACILITIES TN THE UNITED STATES

This report presents a compilation of hypersonic wind tunnel facility

data, with particular attention given to operating characteristics of the

major hyperzonic wind tunnels in the United States. The information has

been cornoiled to assist personnel who must evaluate and select facilities

for hypersonic wind tunnel test programs.

A brief description is given for each facility'. These descriptions

include information regarding responsible personnel; nozzle and test

section; instrumentation; operational status, where such information is

pertinent; data reduction method, whenever this has been available;

running times; and particular test capabilities of each facility.
0

An envelope of Reynolds number versus Mach number was drawn

for each facility, using a uniform scale. Since envelopes of stagnation

conditions were available in most cases, these also have been drawn on

a uniform scale. In these graphs Mach number and Reynolds number

represent free stream conditions, and stagnation pressure, temperature,

and enthalpy refer to conditions ini the reservoir region of the flo.v.

Since all information in this report was plotted using Mach number
I

as a parameter, graphs are included in the introductory section to

correlate Miých nmn-ber and altitude. These are based on the 1962

U. S. Standard Atmosphere, and consider air to be a perfect gas, with

y = 1. 4 and R = 1716 ft 2 /sec 2 OR.

Over-all maps of Reynolds number, stagnation pressure, and

stagnation temperature are provided to permit immediate determination

that a wind tunnel test can be performed under specific environmental

* conditions. Once this possibility has been established, specific facility

1--1
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performance envelonet can be examined to determine which facilities have

the dapability required for the oesired test. It should be emphasized here,

however, that the purpose of this report is to serve only as a preliminary

guide in facility selection. In every case, the individual facility should be

contacted to determine tunnel availability, schedules, and cost, and to

verify operational status and tunnel operating parameters.

The facilities appear within the report in alphabetical order. Hiow-

ever, they are indexed according to the type of tunnel (i. e. continuous,

hotshot, blowdown or shock) and the type of organizational management.

(i. e. government, industrial, university and non-profit corporations).

A preliminary report was compiled and published in rough draft torm

in November 1962. The urelimnnary report included data submitted by the

0 various facilities, as well as information which was available in the litera-

ture. Each sect~on was sent to the pertinent facility manager: the sections

were corrected, updated, and returned by 37 of the Y) facilities. The basic

rdport incorporated all changes and corrections forwarde'd by the facilitv

managers from November 1962 to March 19t3. This revision includes all

changes received between March and September 1963.

It is ]booed that new inforination will be bent to A.erou pace as it becomes

available, su that this report can continue to reflect the current status of

each facility. Permanent files are maintained ".vithin the Fluid Mechanics

Department of the Engineering Division of Aerospace Corporation. These

tiles presently contain the material referenced within this report, and are

available to interested personnel.

The authors particularly appreciate the assistance of the many

facility personnel who have taken extra time and trouble to assure that t ,is

report will include the most accurate and timely ,nformatlon availab!e.
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Name of Facility

AVCO Research and Development

Wilmington, Massachusetts

Person Responsible

Ilerbcrt Weisblatt
Assistant Section Chief, Experimental Gasdvynamics

Type

The 2C -Inch Shock Tunnel, which can be either hydrogen or combustion
driven, is presently in operation, The tunnel has bcen calibrated at one
operational point (see charts) with the hydrogen driver, and is presently
undergoing calibration with the combustion driver.

Nozzle and Test Section

The 20-Inch Shock 'Funnel uses a 7o conical nozzle, At present the
nozzle expands to a useful test core dia, of 12, 5 inches at M = 14,0,

Instrumentation and Test Capabilities

Pressure and heat transter tests may 1v run in the 20-Inch Shock Tunnel
at M 1,.0(. At present a strain lagt, force balance is being developed.

Running Time

The driver sphere technique of tunnel operation developed at AVCO-RAD
is currently being used with running times ()f 4 milliseconds,

Re fe r en ce5s

I 'Experimental Performance (if the AVCO-RAD 20-Inch Shock
Tunnel", by K, Hleron, TI. Weisblatt, and A. Clemente, AVCO-
RAD TM-63-26,

2. "Experimental Technique for Tailou cd Operation of a Combustion
Driven Shock Tunnel", by If. Weisblatt and R. F, Flagg, AVCO-
RAD TM-61-17,

I "Development of Very I-high Enthalpy Shock Tunnels with Extended
Steady State Test Times", by B, D. flenshall, R. N. Teng, and
A. P. Wood, AVCO-RADTR-62-16.

4. Letter, 1H. Weisblatt to N. S. Foy, dated 21 December 1962,
with enclosures.

5. Letter, H. Weisblatt to N. S. Foy, dated 2 May 1963, with
enclosures.
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Name of Facility

Cornell Aeronautical Laboratory, Inc.
4455 Genessee Street
Buffalo 41, New York

Persons Responsible

Mr K. D. Bir~d - Shock Tunnel Facilities
Mr. John P Andes - Wave Superheater Hypersonic Tunnel

Type

The following facilities are available at Cornell:

A) 48 Inch Hypersonic Shock Tunnel

B) High-Energy Hypersonic Shock Tunnel

C) Wave Superheater l-ypersonic Tunnel, which is a long duration
high temperature hypersonic tunnel,

Nozzle and Tlest Section

9A) Conical nozzles are used for most. of the Mach number range in
the 4f Inch Tonnel. Contoured M = 8 and M ý 16 nozzles are
also ised with this facility,

B) Trhe sinie no zies, along with a conical no/.zle 8 ft in diameter
will bh used with the High Energy Hypersonic Shock Tunnel,

C) The Wave Superheater utili..es a conical nozzle expanded to a
Mach 6 test section, with a no/./,e exit of 8 inches. and another
conical nozzle expanded to Mach 15 test section with nozzle
exit of f. 5 ft. A conroured no.,zle for M - 1Z is expected to be
operational in January 1964, with 6 ft exit. diameter and 15 see
running time. Othter inter mediatc test sections are possible.

Instrumentation and Test Capabilities

A) and B) Force, pressure, and heat transfer tests may be performed
in these facilities. Data processing is accomplished on an IBM
104 computer within minutes after completion of a test.

C) Force, pressure, and heat transfer tests may be performed in
the Wave Superheater, as well as ablation and materials studies
and structural tests Due to the large test section, full scale
or near full scale model testing is possible,

10-1
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Runing Times

A) 48 Inch H-Iypersonic Shock Tunnel - 4 to 1 milliseconds

B) High-Energy Hypersonic Shock Tunnel - 4 to l1 milliseconds.

C) Wave Superheater Ilyptertiuic Tunnel - Running time can be
varied from 1 second to 15 seconds.

Remarks

A) The 48 Inch Tunnel is fully operational and calibrated

13) The High-Energy Hypersonic Shock 'runnel is expected to be
operational in late 1963,

C) Contracted tests have been conducted on ablation experiments
in the Mach 6 test section of the Wave Superheater. The M = 15
test section is presently being calibrated and the M = I/ test
section is under construction. Full capability of the ,Nave Super-
heater has not yet been attained; maximum output thus far has
been 6900( R and 1000 atnis.

BReferences

1. "Cornell Aeronautical Laboratory 48 fnch llypersonic Shock
Tunnel, Description and Capabilities", revised December 1964.

"Cornell Aeronautical Laboratory Wavw Superheater Hype rsonic
Tunnel, Description and Capabilities", October 1961.

i. Letter, K D. Bird to N S. Foy. datcd 9 January 1963, with
enclosures.

4 Letter, John P Andes to N. S. Foy, daltod 17 January 1963,
with enclosures.

5. Letter, K. D. Bird to N S. Foy, dated W0 Aprtl 1963, with
enclosures.

6. Conference between J. Caipcrntur, CAL,, and C. Pul, Aerospace,
16 August 1963.

7. Letter, K. D. Bird to C Pel, dated ýZ August 1963, with
enclosures.
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Name of Facility

NASA-Langley Research Center
Aero-Physics Division - Small Hypersonic Facilities
Langley Field, Virginia

Person Responsible

NASA D rector, NASA-Langley Research Center

Type

Following are the smaller fypersonic facilities in the Aero-Physics
Division at NASA-Langley. They are all of the intermittent blowdown
type.

A) II Inch Hypersonic Tunnel

B) 20 Inch Mach 6 Tunnel

C) 22 Inch Mach 8.5 Tunnel

D) 22 Inch Helium Tunnel

L) Mach 8 Variable Density Hypersonic Tunnel

F) Mach 6 Iow Density Hypersonic Tunnel

G) Shock Tunnel

H) Hotshot Tunnel

I) Mach 17 Nitrogen Facility

Nozzle and Test Section

A) The 11 Inch Hypersonic Tunnel has four interchangeable nozzles,
two for air (M -. 6.8 and 9.6) and two for helium (M r 10, 5 and
18). Thq 6. 8 nozzle is two-dimensional, the 9. 6 nozzle is
contoured three-dimensional with a square throat and test section,
and the helium nozzles are contoured axisymmetric. Test section
size ranges from F('. 5 inches square or round at the center of the
test section to 11. 0 inches square or round at the end of the
nozzle.

B) The 20 Inch Mach 6 'runnel has a 20 by 20. 5 inch test section, with
fixed nozzle.

C) The 22 Inch Mach 8. 5 Tunnel has a circular test section, 22 inches
in diameter.

22-1



Rev 1

D) The 22 Inch Hlelium Tunnel has a circular test section, 22 inches
in diameter, and utilizes conical and contoured nozzles. The
conical nozzle has interchangeable throats, which give a Mach
number range of approximately 1S to 28. The contoured nozzles
are designed for M = 18, 22, and 26. Useable test core is about
14 inches for the conical nozzle (at all Mach numbers) and about
10 inches for the contoured nozzle at M = 21.

E) The Mach 8 Variable Density Hypersonic Tunnel has a circular
test section, 18 inches in diameter.

F) The test section for the Mach 6 Low Density Hypersonic Tunnel
is 12 inchas by 14 inches.

0) The Shock Tunnel has a 12-1/2 degree half-angle conical nozzle
expanding to a 3-foot diameter test section,

H) The Langley Hotshot Tunnel (M = 16-24) has a 10 degree conical
nozzle expanding to a 24-inch test section.

I) The Mach 1 7 Nitrogen Facility has an axisymmetric contoured
- • nozzle with an 18-inch test section.

Instrumentation and Test Capabilities

A) The 11 Inch Hypersonic Tunnel is not connected with an automatic
data reduction system. No injection mechanism is available for
heat transfer tests, but rather the "quick start" technique is used
for such tests. This facility is equipped to do pressure and
temperature investigations and force testing.

B) The 20 Inch Mach 6 Tunnel is presently equipped to obtain 6 com-
ponent static force and moment data, pressure distributions, and
heat transfer data. The data can be recorded on a Beckman 210
digital data recording system.

C) The 22.Inch Mach M. 5 Tunnel is presently equipped to obtain
6 component static force and moment data and pressure distri-
butions. The data can be recorded on the Beckman 210 digital
data recording system.

D) The 22 Inch Helium Tunnel is presently equipped to obtain 6 corn-
ponent static force and moment data, pressure distribution (up
to 40 pressure leads per test) and heat transfer data (up to 72
thermocouples per test). The data can be recorded on either of
two types of instrument's: 30 channels are available on oscillo-
graphs, and up to 99 channels on a Beckman 210 digital data
recording system. For visual observation of the flow, a conven-
tional single pass Schlieren system is available,

22-2
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E) The Mach 8 Variable Density Hypersonic Tunnel is equipped
with a model injection mechanism for transient heat transfer
testing. Pressure and heat transfer data are recorded and
reduced on a Beckman 210 automatic data reduction system.

F) The Mach 6 Low Density Tunnel is equipped with a model
injection niechanism for transient heat transfer testing. Pressure
and heat transfer data arc recorded and reduced on a Beckman 210
automatic data reduction system.

G) Heat transfer investigations are run in the Shock Tunnel, using
thick-film and thin-film techniques. Readout is on oscilloscopes
using drum cameras. Electric arc driver is currently being
installed; performance capability is based on anticipated electric
driver performance.

II) The Langley tuLiohot Tunnel is equipped to obtain three component
force and moment data, pressure distribution data, and heat
transfer data. The data are presently being recorded on oscillo-
graphs; provisions are being made for recording on FM tape
recorders and conversion to digital form for reduction with high
speed computers. A single pass Schlieren system is available
for flow observation.

1) The Mach 17 Nitrogen Facility is equipped with a model injection
mechanism fnr transient heat transfer testing. Pressure and
heat transfer data are recorded and reduced by a Beckman 210
automatic data reduction system. A single pass Schlieren system
is used for flow visualization. In the future, the facility will be
equipped to obtain 6 component static force and niornent data with
an angle of attack and angle of side slip mechanism.

Running Times

A) 11 Inch Hypersonic Tunnel - M s 6. 8 nozzle - 70 to 100 seconds
M -. 9. 6 nozzle - 100 seconds
M 10. 5 nozzle - 14 seconds
M - 18 nozzle - 10 seconds

LI) 20 Inch Mach 6 Tunnel - I to 30 minutes

C) 22 Inch Mach 8. 5 Tunnel - 3 to 30 minutes

D) Z2 Inch Helium Tunnel - 20 to 40 seconds

E) Mach 8 Variable Density Hypersonic Tunnel - 2 to 30 minutes

F) Mach 6 Low Density Tunnel - 2 to 30 minutes

Z
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G) Shock Tunnel - about 1 millisecond

H) Langley Hotshot Tunnel - 20 to 80 milliseconds

I) Mach 17 Nitrogen Facility - up to 15 minutes

References

1. Letter, Floyd L. Thompson to F. A. Vicente, 13 September 1962.

2. 'National Wind Tunnel Summary", NASA Report, July 1961.

3. "A Compilation of Operating Characteristics of Major Hypersonic
Wind Tunnels in the United States", Boeing Report No. DZ-5785,
dated April 1960,

4. Letter, Floyd L. Thompson to N. S. Foy, dated 23 January 1963,
with enclosures.

5. Letter, Floyd L. Thompson to N. S. Foy, dated 12 June 1963,
with enclosures.
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Name of Facility

NASA Langley Research Center
Other Divisions - Small Hypersonic Facilities
Langley Field, Virginia

Person Responsible

NASA Director, NASA Langley Research Center

Type

The following small hypersonic facilities are operated by divisions
other than the Aero-Physics Division at NASA Langley. The 2 by 2
Foot Low Density Hypersonic Tunnel is of the continuous type, All the
other facilities listed are of the intermittent blowdown type.

A) 12 Inch Hypersonic Ceramic Heated Tunnel
(Applied Materials and Physics Division)

B) Hypersonic Aeroelasticity Tunnel (Helium)
(Dynamic Loads Division)

C) 15 Inch Hypersonic Flow Apparatus
* (Full-Scale Research Division)

D) 2 by 2 Foot Low Density Hypersonic Tunnel
(Full-Scale Research Division)

Nozzle and Test Section

A) The IZ Inch Hypersonic Ceramic Heated Tunnel has a 1Z inch
diameter test section, enclosed free jet with downstream
diffuser. It has a Mach number capability of 13,

B3) The Hypersonic Aeroelasticity Tunnel has an 8 inch diameter
test section at M = 7. At M = 15 the test section is 24 inches in
diameter.

C) The 15 Inch Hypersonic Flow Apparatus has a 15 inch diameter
axisymzetric test section, and a Mach number capability of 10. 4.

D) The Z by 2 Foot Low Density Hypersonic Tunnel has a 24 by 24 by
54 inch test section, with a Mach number range of 3 to 7.

22-8
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Instrumentation and Test Capabilities

These facilities are used for research, development and evaluation.
No information is available on their specific instrumentation and test
capabilities at this time.

Running Tirnces

A) 12 Inch llypcrsonic Ccramic. cllatcd Tunnel - 10 seconds.

B) Hypersonic Aeroelasticity Tunnel - 20 seconds.

C) 15 Inch Ilypcrsonic Flow Apparatus - 10 minutes.

D) 2 x 2 Foot Low Density H-lypersonic Trunnel - continuous.

Ret l r ,'ncc•s

1. "National Wind Tunnel Summary", NASA Report, July 1961.

2. ''A Compilation of Operating Characteristics of Major Hypersonic
Wind Tunnels in the United States", Boeing Report No. D2-5785,
April 1960.

3. Letter, Floyd L. Thompson to N. S, Foy, dated 23 January 1961,
with enclosures.
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Name of Facility

Rhodes and Bloxsom
7343 Deering Avenue
Canoga Park, California

Persons Re sponsible

D. Bloxsom, j3r,
B. V. Rhodes

Type

A) The 60 Inch Hypervelocity Tunnel is an arc driven hotshot,
utilizing a 100, 000 joule capacitor. It was built in 1959.

B) The 16 Inch Wind Tunnel is a blowdown type facility with an
1800OF air heater. It was built in early 1963. Stagnation
pressures of 1500 psia blow down through the heater and
nozzle into a dump tank through a diffuser, Back pressures
initially available to the flow are I micron Hg.

Nozzle and Test Section

A) Four nozzles are available for the 60 Inch Hypervelocity
Tunnel. These are:

1. 90 total angle conical nozzle with 12-inch diameter

free jet. This jet has an isentropic core of approximately
9 inches diameter. Model. may be tested with 9-inch
diameter frontal face without tunnel blockage. Model
lengths up to four feet have been tested successfully.

2. 160 total angle, conical nozzle with 21-inch diameter
free jet, This jet has an isentropic core of approximately
14.5 inches diameter, Models may be tested with 14.4-
inch diameter frontal face without tunnel blockage. Model
lengths up to three feet have been tested successfully.

3. Contoured nozzle with 34-inch diameter free 3et. This
Jet has an isentropic core approximately 28 inches in
diameter. Models may be tested with 28-inch diameter
frontal face without tunnel blockage. Model lengths may
be up to four feet.

4. 450 total angle conical nozzle with 60-inch free jet. This
Jet has an ioentropic core of approximately 48 inches.
Models may be tested with 28 inches frontal face without
tunnel blockage, although model length is usually limited
to one foot.
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A) 60 Inch Hypervelocity Tunnel (continued)

Two types of driver are available for the 60 Inch Hypervelocity
Tunnel. These are:

I. Exponential decay steady flow driver, which permits
pressures of 20, 000 psi and temperatures of 80, 000 0 R.
Testing times 4ary from . 1 to 10 milliseconds.

2. Square wave unsteady flow driver, which is similar to a
shock tube driver and permits pressures of 20, 000 psi
and temperatures of 80, 000°R. Testing times vary from
.05 to 2 milliseconds, depending upon supply temperature.

B) Three nozzles are available for the 16 Inch Wind Tunnel:

1. 300 total included angle conical nozzle with 4-inch diameter
free jet. This jet will accommodate models up to 3 inches
diameter and 6 inches long.

2. 300 total included angle conical nozzle with 16-inch diameter
free Jet. This nozzle will accommodate models of similar
size to (1).

.3. Contoured nozzle with 10-inch diameter free jet. This jet
will accommodate models up to 3 inches diameter and
l1 inches long,

Instrumentation and Test C apabilitie s

A) Simultaneous measurements have been made in the 60 Inch Hyper-
velocity Tunnel of pressure, temperature, and density in stagnation
chambers and behind normal shocks in the test sections. Pressure
distributions are measured by Inertial pressure transducers to
2 percent precision, characteristic length . 1 inch, Due to the
matching of flight specific enthalpy, radiation and ionization studies
have been made. Velocity measurements have been made in the
nozzle and around various models by seeding the flow with small
particles. Flow visualization is made by shadowgraph, Schlleren,
and self-iuminouity. Ballistic mounting of models has permitted
lift, drag, and moment coefficients to be measured to I percent
precision in gas dynamic to free molecule flow. Heat transfer is
measured by short tin'e resistance heating elements (15 percent)
and heat sensitive paint (5 percent, lengths of .001 inch).

B) Spring balance is available in the 16 Inch Wind Tunnel for lift,
drag, and stability testing on aerodynamic models and ramjet type
engines. Pressure distributions are measured by means of
special transducers. Shadowgraph and Schlierer, flow visualization
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B) 16 Inch Wind Tunnel (continued)

techniques are available. Heat transfer is measured by a special
surface which changes various colors, permitting the heat transfer
rates to be determined to 5 percent precision over every .001 inch
of surface.

Running Times

A) Running times for the 60 Inch Hypervelocity Tunnel are described
under "Nozzle and Test Section"?.

B) Running times in the 16 Inch Wind Tunnel vary from . 5 second at
high pressure to 1 minute at low pressures.

Remarks

A) The test gas used in the 60 Inch Hypervelocity Tunnel is air.
Above 8000°R the air is increasingly dissociated and ionized.
This amount of dissociation and ionization is present in the test
section as the flows are out of equilibrium. The flow, however,
returns to equilibrium behind strong shock waves in the test
section at high Reynolds numbers. The particle contamination
due to the erosion of electrodes, tunnel ducts, and diaphragms is
less than 2 parts per million of the air test gas mass at 8000 0 R.
The wind tunnel can also be used to accelerate microparticles
to 70, 000 ft/sec to stidy shock wave structure at initial air
pressures of Z0 microns Hg (60 inch shock tube) and 20, 000 mi-
crons (. 5 inch shock tube). Tunnel opening and closing processes
have very small effects on forces and heating.

B) Since the heater elements in the 16 Inch Wind Tunnel are stainless

stevl, the particle Impurity level is extremely low,

References

1. Letter, D. E. Bloxiom to N, S. Foy, dated April Z2, 1963,
with enclosures.

2. Calibration Brochure, Rhodes and Bloxsom, 1963.

3. "Experimental Effect of Bluntness and Gas Rarefaction on Drag
Coefficients and Stagnation Heat Transfer on Aximymmetric Shapes
in Hypersonic Flow", by B. V. Rhodes and D. E. Bloxsom,
Journal of the Aerospace Sciences, Vol. 29, No. 12, December
196Z.

32-3



Rev I

60( ihch lhotshot -

10'

10: 
-1t hii . - -.- --- 

--

4 lc .w b r-- - .--------

a e nod - ----- uimb io :e hio I dl r'yiln Nirbrfi

105

l0

z I

104 - - -- -- - _ _ _ _ _ _ _ _ _ _ _

5 10: 15-.-- -.- 20 25_ 30__ _ 35__

32-



Rev I

Ib Inch Wind 'rhlyn,,l

lo:

107 ,
.. . . . .. ... . .... -----

109 ..

0
0

a. I

m 10

U)

0

n, 104

4

103

a -O- - -' -- -. ....... ....... .. . . ..- - - _ _ __ _ _ _ _ _

5I0 15 20 25 30 35

MACH NUMBER

3Z-5



Rev I

Oi l lInch iAoft shilo

10

i (m I il II, Il
10 2-i-,- I - _ _ __:_ ___'
* .

5 - 0 15 20 2--30--
M .. . . . . .. .. . . . .. .-... . . .....

I nc'"-

a .- - - - - -. . . . -

4 I1 . . . . . . . ... . .. . . . . . . . . . . . . ..- . •

i0 • .......- - -- - ~ -

4 4 -. . . . . --

I 0 1 . . ....... . -

5 - 0- 5 - 0 - 5 - 0 35__

I --- - - -M- - - NU .-- -- -__ _



Rev 1

) ~IU lOIIt*S AND) 41,0X50)!

ýIlatr t ~w (il' I Lnei 1n tin

M 103 _ _ ---

a ~ )p ____ t _ _ ___-a

3Z-



Rev 1

RU IPL ilI) iot;l~M Ot

to'~t 11-- 60-- -

O Nw rit- i(.1; I niII' C., I I '.

to ___________

e-00

0

102

32-



Rev I

I G Inch Whi i 'I Tiiae I

104

Sea Q-- -- -r St ___-1--C t- 11_ __ ro11

013 - - - - - - -t______I

a O Area- . -. - - 1 _____

W. _________a io itni t I atm li-'sn10

1, t -r t_ _ _ __ _

32-



Rev I

Name of Facility

Shock Tunnel Facilities
U. S. Naval Ordnance Laboratory
Silver Spring, Maryland

Person Responsible

Dr. V. C. Dawson, Chief, Gas Dynamics Division

Type

Three hypersonic shock tunnels are in operation at U. S. N, 0. L. These
are:

A) 1. 5 Inch Hypersonic Shock Tunnel No. 1, which is of the
free-jet type.

B) I . 5 Inch Hypersonic Shock Tunnel No. I, which is of the cone-
nozzle type,

C) 4 Inch Hypersonic Shock Tunnel No. 3, which is of the free-jet

type.

Nozzle and Test Section

A) Hypersonic Shock Tunnel No. 1 expands from a 1. 5 inch diameter
barrel into a 6-foot diameter tank. It can accommodate a 3-inch
diameter model at M = 8, and an 8-inch diamneter model at M:;l1.
The Mach number range is from 4.7 to 16.

B) Hypersonic Shock Tunnel No. / expands from . 45 inch diameter
to ý9 inches diameter, using a conical nozzle, emptying into a
6-foot diameter dump tank. It can accommodate an 8-inch
diameter model at M l. Total Mach number range is from
4 to 16.

C) Hypersonic Shock Tunnel No. 3 expands from a 4-inch diameter
barrel into an 8-foot diameter tank It can accommodate a
"7-inch diameter modal at M = 8, and a Z0-inch diameter model
at M - 14. Total Mach number range is from 5. 6 to 16.

Instrumentation and Test Capabilities

A) Hypersoxic Shock Tunnel No. I is used to measure pressure and
temperature distributions.

B) Hypersonic Shock Tunnel No. 4 is used to study gas flow charac-
teristics, shock wave attenuation, real gas effects, driver gas
miKture efficiencies and nozzle designs.
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C) Hypersonic Shock Tunnel No. 3 is used to measure pressure
ani temperature diptributions, flow characteristics, and
real gas effects.

Running Time

A) Hypersonic Shock Tunnel No. 1 - 400 to l•00 microseconds.

B) Hypersonic Shock Tunnel No. 2 - Z milliseconds.

C) Hypersonic Shock Tunnel No. 3 - Z to 3 milliseconds.

References

1. "Capabilities of the Naval Ordnance Laboratory Aeroballistic

Facilities", brochure.

Z. Letter, K. R. Enkenhus to F. A. Vicente, ?9 August 1962.

3. Letter, K. R. Enkenhus to N. S. Foy, 10 July 1963.
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Name of Facility

Wind Tunnel Facilities
Aerodynamics Department
U. S. Naval Ordnance Laboratory
Silvcr Spring, Maryland

Persons Responsible

Mr. S. M Hastings, Chief, Applied Aerodynamics Division
(Hypersonic Tunnel No. 8)

Dr. E. L. Harris, Chief, Aerophysics Division
(Hypersonic Tunnel No. 4)

Type

A) Hypersonic Tunnel No. 8 is an open jet semi-continuous tunnel,
operating in the Mach number range from 5 to 10. This tunnel
has a 150 atm. bottled air storage supply and a 1500°F pebble
bed heater. The tunnel is used primarily for developmental
te sting.

B) Hypersonic Tunnel No, 4 is a closed jet semi-continuous wind
tunnel currently opegating at M = 16 with nitrogen, A supply
temperature of 4000 R is generated by a graphite electric heater
at supply pressures up to 100 atm. The tunnel may also be
operated with air at Mach numbers from 6. 8 to 10 and supply
pressures up to 50 atm

Nozzle and Test Section

A) Hypersonic Tunnel No. 8 has Mach 5, 6, and 8 two-dimensional
two-dimensional nozzles of 18. 5 by 18. 5 inches exit size. Also
available are 44-inch diameter Mach 9 and 10 axisymmetric
nozzles.

B) Hypersonic Tunnel No. 4 has a conical Mach 16 nozzle with
1i-inch exit diameter for nitrogen operation. Available for
air operation are a Mach 6. 8 two-dimensional nozzle with a
10 by 10 inch exit, and axlsyrnmetrlc Mach 8 and )0 nozzles
with exit diameters of 8 and 11. 5 inches respectively.
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Instrumentation and Test Capabilities

A) Hypersonic Tunnel No. 8 has 100 channels for the measurement
of pressures and steady state temperatures, and 10 channels
for force measurements. Data is recorded on magnetic tape and
reduced on an IBM 7090 Up to 5u transient temperature measure-
ments can be recorded sitnultaneously on oscillographs An
analog coefficient computer is also available for on-line data
plotting for force tests.

B) The facilities for recording data in Hypersonic Tunnel No. 4 are
generally similar to those in Hypersonic Tunnel No. 8; however,
the tunnel is primarily used for basic research investigations.

Running Time

A) Tunnel No. 8 - 1 minute to continuous.

B) Tunnel No. 4.- 15 minutes to continuous.

Both tunnels are connected to a continuous 100,000 cfm pumping plant,
The running time is limited by the capacity and pump-up time of the
high pressure bottled storage fields,

References

1, "Capabilities of the Naval Ordnance Laboratory Aeroballistic
Facilities", brochure.

Letter, K. R. Enkenhus to F. A. Vicente, dated 619 August 196A.

3. Letter, K. R. Enkenhus to N. S. Foy, dated 10 July 1963, with
enclosures,
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